It had been observed that the mechanical stability of some magnets had influences on the closed orbit in the storage ring. In this paper, a mechanical shaker in low vibration level was applied on the quadrupole magnet. The perturbation of the closed orbit was measured. The thermal induced distortion of magnet supporting structure was discussed. The motions of BPM and quadrupole magnet were measured. Finally some examples of mechanical induced beam motion were included.
INTRODUCTION
For the highest requirement of beamline users, the Global feedback system is usually used to correct the drift problem in low frequency. But by the limited number of BPM for feedback, the resolution and the mechanical displacement of BPM, for some beam ports especially not locked by BPM feedback locked system, small fluctuation may be possible. Therefore a better understanding of precision mechanical is essential for the stability of the beam.
In this paper, a systematic study of mechanical motion in micron meter level of key components in the storage was performed. A quadrupole magnet with high strength 2.8m" was mechanical perturbed, the response of beam motion was recorded. Some examples of mechanical induced beam motion were included.
THE POSSIBLE MECHANICAL FACTOR RELATED TO BEAM MOTION
From the beam dynamics physics [7] 1bm displacement of one Q2 magnet (K=2.8 m-*) will induce 6 pm maximum along the circumference of the BPM of our ring. If all the Q2 are moved in phase the magnification factor is about 16 [8] . The simulation will be given in the following figure. After a preliminary test of the dipole, thermal induced beam motion is much less than the quadrupole motion. For the beamline user, the vertical orbit motion is more critical than in horizontal direction when they do the high-resolution experiment. From the viewpoint of mechanical, the possible mechanical displacement can be breakdown as following. A. Magnet girder: All the quadrupole magnets and BPM are mounted to the steel girder more than 2 meters long. It is fixed at two ends by two steel pedestal grouted to floor. A thermal induced distortion of girder in 2-3 ym will be induced when the air temperature variation in 0.5 "C by the constraint of girder at both ends. B. Quadrupole magnet: It is well known that the cooling water temperature of magnet will induce the beam motion [3] . The detail mechanism seems not clear.
MEASUREMENT AND TEST METHOD
1. To monitor the mechanical motion of key components in the ring, more than 50 position sensors were installed in the superperiod 2 of the storage ring. LVDT to measure the height change relative to ground. The angle change and distortion of the girder can be deduced from the raw data. The layouts of the LVDT are at the upper, middle and downstream in the front and back side. All the sensor readings were linked to archived system. 2. A piezoelectric shaker was installed under a quadrupole magnet Q2 (with strength 2.8m"). Vibration amplitude in pm level and different frequency were applied. The reading of BPM were collected and compared.
RESULT AND DISCUSSION

The closed orbit perturbation by RI Q7
In the Fig. 1 a vertical 
Girder distortion and beam motion
The girder deformation by the thermal fluctuation is shown in fig.2 . By the air temperature variation about 0.3OC the height variation of girder in the upper, middle and downstream are OSpm, lpm and 0.2 pm .The middle is large than both ends. It is suggested from the constrained by both ends and induced bow sag when the longitudinal expansion occurs. The periodicity of the middle height is coinciding with the ambient temperature. At the same time the BPM reading of this superperiod were shown in Fig. 3 . It can be easily seen that the BPM 1,5,6,7 locked by the feedback system without perturbation by the thermal variation. The others unlocked BPM 2,3,4,8 coincide the periodicity of thermal variation in the 2-3 pm. The difference between the girder and BPM movement may be from the magnification of quadrupole magnet. If the beam port behind the unlocked BPM then beam motion will occur. It seems one kind of long-term drift problem. . , . , . , Another case of girder distortion is as following. During the Monday shutdown for 3 hours the entire thermal load is released. The air temperature is changed about 0.3OC. The girder distortion is shown in Fig. 4 . The height of girder change reached more than 5 pm and lasted for more than 10 hours to reach equilibrium. Comparing Fig.2 and Fig. 4 with the same thermal fluctuation the height deformation behaviors are different. It is related to the actual temperature or the time constant of the girder.
From the mechanical design the thermal induced distortion can be treated by 2 approach one is to release the constraint by kinematic design another is to increase the thermal time constant by thermal insulation. Good results have got in the preliminary test in the laboratory. 
The motion of BPM relative to girder
In Fig. 5 the BPM mechanical position in 3 directions
were recorded more than 20 hours. It is clear to find that the BPM position relative to girder was stable in 1 pm in one shift. Vertical direction was disturbed by the injection and degaussing during the shift change. The driving force of the vertical change may be from the chamber expansion. In general the stiffness of the BPM support is good enough. 
The quadrupole motion
A preliminary data of a quadrupole magnet vertical motion, air temperature and cooling water temperature are shown in Fig 6. In the Monday shutdown for 3 hours the air temperature changing 2°C the magnet vertical motion induce about 2 pm motion. The water temperature variation 0.4 "C seems to have some correlation with the local variation of magnet motion. In the previous study [5] , the water-cooling temperature has strong correlation with the beam motion. But the detail mechanism is not clear. It may be from thermal induced mechanical distortion. Because all the magnets were susceptible to the water temperature change, the magnification factor of the quadrupole were as high as 30. It means the precision of measurement should be as low as 0.1 pm. It needs further study in the future.
SUMMARY
A pm level of mechanical perturbation on a quadrupole magnet was performed to compare the beam motion with and without feedback. Some BPM not interlocked will be perturbed even the feedback turning on. So the beam motion will occur. The major thermal induced mechanical distortion is on the girder. It influences the positioning of BPM and quadrupole (in pm level). A kinematic design and thermal insulation was applied to suppress the distortion.
The motion of quadrupole magnet was measured it was usually less than 0 . 5~ in one shift. A strong correlation between the magnet temperature and beam motion was observed. Is it also induced via mechanical distortion? More precise measurement and study will be performed.
